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During RAN4#100-e meeting, RAN4 sent an LS to RAN1 and RAN2 on efficient utilization of licensed spectrum that is not aligned with existing NR channel bandwidths [1]. RAN4 asked RAN1 and RAN2 to check the spec impacts for the four potential solutions for efficient utilization of irregular bandwidths.
In this contribution, we present our analysis and views on the four potential solutions mentioned in RAN4 LS [1].
Discussion
In this RAN4 LS, the following four potential solutions are mentioned.
Solution#1: Wider CBW
Solution#1 can be depicted as Figure-1. Let’s assume the physical available bandwidth is 7MHz. In order to support 7MHz bandwidth, UE uses next larger standard channel bandwidth as its channel bandwidth, i.e., 10MHz in this example. And then network can configure a 7MHz bandwidth for this UE to fully utilize the whole spectrum.
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Figure-1: Solution#1: Wider CBW
It seems most of the work for solution#1 falls into RAN4 and RAN2. Because RAN1 defines UE behaviour within the carrier and within bandwidth part.
RAN4 mentioned the following questions in the LS [1] for solution#1. For the first question, it doesn’t fall into RAN1’s scope thus RAN1 doesn’t have any answer for it. For the second question, at least for now, all RAN1 specifications assume that the carrier bandwidth is within one band. It is not clear what the UE behaviour is if a carrier that is not fully contained in the NR band.
	· For the wider CBW:
· clarify if there is any limitation for the UL carrier positions (not just BWP positions) legacy UEs support for uplinkChannelBW-PerSCS-List and scs-SpecificCarrierList in symmetric operating bands with a fixed duplex distance and asymmetric UL/DL channel bandwidth.
· confirm UE behaviour if it is possible to configure a carrier that is not fully contained in the NR band, i.e. the carrier can extend beyond the low edge of the band and/or the high edge of the band? 




Solution#2: Overlapping CBWs from network perspective (one cell approach)
Solution#2 can be depicted as Figure-2. Let’s assume the physical available bandwidth is 7MHz. In order to support 7MHz bandwidth, network can configure different bandwidths for different UEs. For example, the lower 5MHz bandwidth is configured for UE#1 and the higher 5MHz bandwidth is configured for UE#2. There are some overlapping frequency resource between these two UEs. In this example, the overlapping frequency range can be up to 3MHz. 
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Figure-2: Solution#2: Overlapping CBWs from network perspective (one cell approach)
If the overlapping frequency range is large enough to accommodate the SSB/CORESET#0, then all UEs in this cell can share the same SSB/CORESET#0. However, if the overlapping frequency range is not large enough to accommodate the SSB/CORESET#0, then two sets of SSB/CORESET#0 are needed for this cell, where one set of SSB/CORESET#0 is located in the lower 5MHz bandwidth and another set of SSB/CORESET#0 is located in the higher 5MHz bandwidth. 
RAN4 mentioned the following questions in the LS [1] for solution#2.  
	· For the overlapping CBWs from network perspective (one cell approach):
· clarify whether a single SSB and CORESET (e.g. for cases where irregular BWs >10 MHz where a 4.28 MHz wide initial BWP can be in the common frequency range), can be used to configure UEs with different channel BWs on different parts of the BS channel.  
· clarify whether two time staggered SSBs and CORESET#0 on the same frequency (when the frequency separation is not enough to send them simultaneously at the same time and thus time staggering is needed) are supported in RAN1/2 specifications so that UEs configured with left and right channels of the next smaller regular size can track their own time staggered SSB and CORESET#0. 



For the first question, the answer is yes from RAN1 perspective. It is similar to the situation when different UEs use different BWPs in RRC_CONNECTED states and all the UEs share the same SSB/CORESET#0. One example is that, the lower 5MHz bandwidth is configured as the initial DL BWP. Once UE enters RRC_CONNECTED states, network can choose whether to configure a new dedicated bandwidth part (the higher 5MHz bandwidth) for the UE or keep it under the initial DL BWP.
For the second question, the answer is yes from RAN1 perspective. In current specification, all SSBs within one periodicity are fully within 5ms (i.e., half frame). Network can configure SSBs in different half frame by half frame indicator and SFN indicator carried in SSB. With this, network can configured two staggered SSBs in different half frame without any confliction. TS38.213 defines lots of different candidate locations for CORESET#0 relative to its corresponding SSBs in Section 13. As long as the two staggered SSBs are not conflicting with each other, the two staggered CORESET#0 won’t conflict with each either. 

Solution#3: Overlapping CBWs from UE perspective (two cell approach / CA approach)
Solution#3 can be depicted as Figure-3. Let’s assume the physical available bandwidth is 7MHz. In order to support 7MHz bandwidth, network can configure two cells for the same UE. For example, the lower 5MHz bandwidth is configured as Cell#1 for one UE and the higher 5MHz bandwidth is configured as Cell#2 for the same UE. There are some overlapping frequency resource between these two cells. In this example, the overlapping frequency range can be up to 3MHz. 
If RAN4 confirms these two cells are intra-band continuous CA, then SSBs on the SCell are not necessary. 
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Figure-3: Solution#3: Overlapping CBWs from UE perspective (two cell approach / CA approach)
RAN4 mentioned the following questions in the LS [1] for solution#3.  
	· For the overlapping CBWs from UE perspective (two cell approach / CA approach):
· if two different Bandwidth Parts for the UE are overlapping, and both contain a subset of CSI-RS resources that are mapped to the same subset of overlapping RBs for the same UE, please clarify how does UE report CSI for the overlapped part, e.g. does UE report CSI for each cell separately, or just once for the overlapping part, or something else?
· clarify how PDCCH reception in overlapped CA when PCell and SCell PDCCH resources partially overlap and whether there are any impacts to cross-carrier scheduling



For the first question, RAN1 can fully reuse the current specification without any impact to report CSI for the overlapped part separately for each cell. It is up to the network how to configure and utilize the CSI info. Furthermore, network can configure sub-band CSI report for different sub-bands. Alternatively, network can configure such that the CSI report for the overlapped parts are only reported in one cell by careful designing the target sub-band. 
For the second question, RAN1 supports to configure staggered PDCCHs for the two cells. Even if the PDCCH time-frequency resource for the two cells are overlapped, it is similar to that different UEs share the same PDCCH time-frequency resource since Rel-15. Network can dynamically allocate different PDCCH candidates for different cells via tight coordination between these two cells. Also, there is no impact to cross-carrier scheduling.

Soluton#4: Overlapping CBWs from UE perspective (one cell approach)
[bookmark: _GoBack]Solution#4 can be depicted as Figure-4. Let’s assume the physical available bandwidth is 7MHz. In order to support 7MHz bandwidth, UE needs to be equipped with two RFs. For example, the RF#1 is for the lower 5MHz bandwidth and the FR#2 is for the higher 5MHz bandwidth. From baseband perspective, it is still one 7MHz cell. There are some overlapping frequency resource between these two RFs. In this example, the overlapping frequency range for these two RFs can be up to 3MHz. 
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Figure-4: Soluton#4: Overlapping CBWs from UE perspective (one cell approach)

RAN4 mentioned the following questions in the LS [1] for solution#4.
	· For the overlapping CBWs from UE perspective (one cell approach):
· Is it possible to configure the UE with a dedicated carrierBandwidth in the ServingCellConfig that is wider than/partially outside the carrierBandwidth configured in SIB1?
· Clarify for equalization purposes in the DL, does the BS need to know the split between the subset of PRBs from a main RF carrier versus PRBs from an additional RF carrier are received on different channel/antenna before combining. If pre-coding assumes all PRBs experience the same channel/antenna, is signalling required so that BS pre-coding can account for the path differences of main carrier PRBs and additional carrier PRBs.



For the first question, it doesn’t fall into RAN1’s scope thus RAN1 doesn’t have any answer for it.
For the second question, more details are needed before RAN1 can response. For example, it is not clear whether the split between the subsets of PRBs from a main RF carrier versus PRBs from an additional RF carrier is determined by UE or network. If it is determined by network, then it seems network already knows the split. If it is determined by UE, then network may or may not need to know the detailed split depending on whether network needs to account for the path differences of main carrier PRBs and additional carrier PRBs. Some simulations may be needed to evaluate whether/how network can account for the path differences of main carrier PRBs and additional carrier PRBs.

Conclusion
Based on the above analysis, we provide the following draft answers from RAN1 perspective. The draft reply LS is also finalized in our companion contribution [2].
	· For the wider CBW:
· clarify if there is any limitation for the UL carrier positions (not just BWP positions) legacy UEs support for uplinkChannelBW-PerSCS-List and scs-SpecificCarrierList in symmetric operating bands with a fixed duplex distance and asymmetric UL/DL channel bandwidth.
[RAN1] RAN1 has no answer for this question.
· confirm UE behaviour if it is possible to configure a carrier that is not fully contained in the NR band, i.e. the carrier can extend beyond the low edge of the band and/or the high edge of the band? 
[RAN1] The UE behavior is not clear if the carrier for this UE is not fully contained in the NR band because all the existing RAN1 specifications assume the carrier is fully contained in the corresponding NR band.
· For the overlapping CBWs from network perspective (one cell approach):
· clarify whether a single SSB and CORESET (e.g. for cases where irregular BWs >10 MHz where a 4.28 MHz wide initial BWP can be in the common frequency range), can be used to configure UEs with different channel BWs on different parts of the BS channel.  
[RAN1] RAN1 specifications support that a single SSB and CORESET is used to configure UEs with different channel BWs on different parts of the BS channel.
· clarify whether two time staggered SSBs and CORESET#0 on the same frequency (when the frequency separation is not enough to send them simultaneously at the same time and thus time staggering is needed) are supported in RAN1/2 specifications so that UEs configured with left and right channels of the next smaller regular size can track their own time staggered SSB and CORESET#0. 
[RAN1] RAN1 specifications support two time staggered SSBs and CORESET#0 on the same frequency so that UEs configured with left and right channels of the next smaller regular size can track their own time staggered SSB and CORESET#0.
· For the overlapping CBWs from UE perspective (two cell approach / CA approach):
· if two different Bandwidth Parts for the UE are overlapping, and both contain a subset of CSI-RS resources that are mapped to the same subset of overlapping RBs for the same UE, please clarify how does UE report CSI for the overlapped part, e.g. does UE report CSI for each cell separately, or just once for the overlapping part, or something else?
[RAN1] Based on the current RAN1 specifications, UE can report CSI for the overlapped part separately for each cell. Network can also configure sub-band CSI report for these two cells such that UE reports CSI for the overlapped part via only one cell.
· clarify how PDCCH reception in overlapped CA when PCell and SCell PDCCH resources partially overlap and whether there are any impacts to cross-carrier scheduling
[RAN1] UE can share the same time-frequency resource for PDCCHs for different cells, which is similar to the case when different UEs share the same time-frequency resource for PDCCHs. There is no impact to cross-carrier scheduling.
· For the overlapping CBWs from UE perspective (one cell approach):
· Is it possible to configure the UE with a dedicated carrierBandwidth in the ServingCellConfig that is wider than/partially outside the carrierBandwidth configured in SIB1?
[RAN1] RAN1 has no answer for this question.
· Clarify for equalization purposes in the DL, does the BS need to know the split between the subset of PRBs from a main RF carrier versus PRBs from an additional RF carrier are received on different channel/antenna before combining. If pre-coding assumes all PRBs experience the same channel/antenna, is signalling required so that BS pre-coding can account for the path differences of main carrier PRBs and additional carrier PRBs.
[RAN1] More details for this solution is needed before RAN1 can answer this question. For example, it is not clear whether the split between the subsets of PRBs from a main RF carrier versus PRBs from an additional RF carrier is determined by UE or network. Some simulations may be needed to evaluate whether/how network can account for the path differences of main carrier PRBs and additional carrier PRBs.
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